INTRODUCTION.
The United States Geological Survey has undertaken detailed mapping of the geologic structure of the oil sands in certain parts of the Appalachian oil field in eastern Ohio and western Pennsylvania. The first report describing work of this kind is contained in Bulletin No. 198, which deals with the Cadiz quadrangle in Harrison County, Ohio. The second bulletin is No. 318, which describes the conditions existing in the Steubenville quadrangle in Ohio and West Virginia and in the Burgettstown and Claysville quadrangles in Pennsylvania. The present report,. which is the third of the series, treats of the Flushing quadrangle in Harrison, Belmont, and Guernsey counties, Ohio.
The object of this work is, to determine accurately the geologic structure of the surface rocks and of the Berea sand (which is the principal oil-bearing stratum of this part of the field), and from this structure to determine, if possible, where the conditions are favorable for. the accumulation of oil and gas. The first step in the work is to ascertain the structure or lay of the surface rocks. Then it is necessary to determine what degree of parallelism exists between the rocks that outcrop at the surface and those that lie from 1,000 to 2,000 feet below the surface, and by means of this parallelism to construct a map of the oil.sand as if all the geologic formations above it had been removed and the upper surface of the sandstone were open to view.
Previous work of this kind has been carried on in areas in which a considerable amount of oil and gas territory had been developed prior to the survey. In such regions it was possible by means of wells already drilled to check the degree of exactness to which the oil sands could be plotted, and by a study of the conditions under which the oil and gas had accumulated to formulate general laws governing such accumulations.
In the Flushing quadrangle very little oil or gas has been found. It was for this reason that the area was selected for a practical test 5 of the principles which had been determined in the previous surveys. The Berea sand, which is the principal oil sand of this part of Ohio, was known to be present in this quadrangle. The surface conditions were also known to be favorable for accurate geologic work. By selecting such an area and carefully plotting the structure it was hoped that the areas which are most favorable for the accumulation of oil and gas could be determined, and that thus the economic development of the field would be assisted. The result of the work shows a regularity in the structure which is not favorable for large oil accumulations. There are, however, minor structural features which doubtless have exercised an influence on the location of deposits of oil and gas, and which may be regarded as indicating favorable territory.
The field work in the Flushing quadrangle was performed during the field season of 1906 by B. J. Green and F. M. Hutchinson under the supervision of the writer.
LOCATION, DRAINAGE, AND CULTURE.
The Flushing quadrangle is situated in eastern Ohio and includes parts of Harrison, Belmont, and Guernsey counties. It is limited by meridians 81° and 81° 15' and by parallels 40° and 40° 15'. The area of the quadrangle is about 227 square miles. It contains no large towns, but there are a number of small places, such as Flushing, Piedmont, Morristown, Belmont, and Bethesda, within it. The city of Barnesville is a little over 1 mile south of the' quadrangle, near the southwest corner.
The entire surface of the quadrangle is deeply dissected. The divide separating the waters of Muskingum River from those flowing directly into Ohio River enters the quadrangle in the northeast corner, and extends southward through the eastern third of the quadrangle, passing through the towns of Flushing, Morristown, and Bethesda. East of this divide the topographic features differ materially from those on the west. The streams flowing to the east have a gradual slope at a nearly uniform rate to the eastern edge of the quadrangle; the streams flowing to the west have cut deep canyons nearly to their heads, thus descending to the general valley levels within a very short distance from their sources. Once at those levels they flow westward with very little fall. Between the streams are oval-shaped hills with steep sides. Throughout most of the area the rocks underlying the region are exposed through a vertical section from 300 to 400 feet thick. The surface is in a high state of cultivation and is traversed by roads in all directions.
The Cleveland, Lorain and Wheeling Railway (of the Baltimore and Ohio system) crosses the area from the center of the eastern margin to the northwest corner, and the main Baltimore and Ohio Railroad line passes through the southeast corner.
GEOLOGY.

ROCKS SHOWING AT THE SURFACE.
The rocks which outcrop at the surface of the Flushing quadrangle are included in the.Washington, Monongahela, and Conemaugh formations of the Carboniferous system. From the highest to the lowest strata exposed the vertical distance is 740 feet. The base of the Pittsburg coal is accepted as a datum plane from which to commence descriptions and measure intervals. This well-known coal bed is constant over an area covering many square miles and therefore makes a desirable plane from which to reckon. The other members of the formations will be considered from this base, first the overlying and then tne underlying beds, the peculiarities of each member being described and the areal distribution of its outcrop given.
The Monongahela formation includes the rocks from the base of the Pittshurg coal to the top of the Waynesburg coal. The principal strata are the Pittsburg, Meigs Creek, Uniontown, and Waynesburg coal beds.
Pittsburg coal. In this region the Pittsburg coal ranges in thickness from 40 to 62 inches, with an average of about 50 inches in the Flushing quadrangle. The bed is usually divided into three or four benches by small partings of half an inch or less in thickness. One parting is from 14 to 21 inches above the bottom and another about 4 inches higher. The coal is of good quality and generally mined both at local banks and commercial mines. This coal bed is present in most of the. quadrangle. In Nottingham Township, Harrison County, it extends westward-along the ridge to Prospect Hill. In Moorefield Township the last outcrop to the west is close to the village of Moorefield. In Flushing Township the most westerly outcrops are found on the ridge between Boggs Fork and Stillwater Creek half a mile west of Compher, and to the west of Stillwater Creek in the hills south and east of Oakgrove. Northwest of these last-named outcrops the coal dips to the southeast. It outcrops along the hillsides above Stillwater Creek to a point within a mile of Badgertown. On Boggs Fork and Trail Run the coal remains above water level to a point within a mile of the town of Flushing. East of the main dividing ridge this coal does not come to the surface except for about 2 miles on Crabapple Creek in Wheeling Township, Belmont County. At Laferty, on Wheeling Creek, the coal is about 80 feet below the surface.
Rocks 'between Pittsburg coal and Meigs Creek coal. The lower portion of the interval between the Pittsburg coal and the Meigs Creek coal differs greatly in different localities. Normally, the Pittsburg coal is overlain by a few feet of shale extending to a hard blue limestone usually about 1 foot in thickness. Above the limestone is shale to the Pittsburg Rider coal, which is a small bed from 8 inches to 1 foot in thickness and from 24 to 30 feet above the base of the Pittsburg bed; it is, however, absent over the greater portion of the Flushing quadrangle. Above the Rider coal a second limestone stratum about 1 foot thick is found in many places. Above this is shale for 25 feet or more to a bed of smooth, light cream-colored limestone, from 1 to 2 feet thick, which is especially prominent in the southwest corner of Union, the northwest corner of Goshen, and the eastern side of Warren townships in Belmont County. From this limestone up to the Meigs Creek coal is sandy shale, in places merging into flaggy sandstone.
In a large part of the Flushing quadrangle the lower part of this interval, from the Pittsburg coal to the top of the limestone overlying the Rider coal, is represented by a massive buff sandstone of medium coarseness known as the Pittsburg sandstone. This bed generally commences on top of the coal and in some localities has replaced part of the coal bed. The sandstone is present in the western part of Cadiz Township, through Nottingham Township, and in the eastern part of Moorefield Township, in Harrison County; in the western part of Flushing Township, in Kirkwood Township to the west of Hendrysburg, and through the western part of Warren Township, in Belmont County.
Meigs Creek coal. The Meigs Creek coal is equivalent to the Sewickley coal bed of Pennsylvania. Throughout a large part of the Flushing quadrangle this coal is of commercial importance, maintaining a thickness of about 4 feet. As a rule the coal is overlain by clay which is flinty in places and ranges in thickness from 8 inches to 2 feet. The clay is locally overlain by a small coal from 6 to 8 inches thick. The Meigs Creek coal maintains a commercial thickness through Athens Township, Harrison County; and in the eastern part of Flushing, the whole of Union, Goshen, Warren, and the southern part of Kirkwood townships, Belmont County.
The interval between the base of the Pittsburg coal and the top of the Meigs Creek coal was measured in 55 different places in the quadrangle, with the results shown in the following West part. c Goshen average used.
WASHINGTON FORMATION.
The Washington formation includes the rocks from the "top of the Waynesburg coal to the top of the Upper Washington limestone. The well-marked strata which occupy this interval in Pennsylvania are not sufficiently developed in the Flushing quadrangle to be easily recognized. The only members positively identified are the Washington coal and the Upper Washington limestone.
Rocks between Waynesburg coal and Washington coal Overlying the Waynesburg coal is from 1 to 6 feet of shale, above which is the Waynesburg sandstone. This sandstone, which is of a light-brown color, occurs in layers from 6 inches to 2 feet thick, the combined layers having a total thickness of 15 to 20 feet. -Above this is a sandy shale which extends to a bed of easily disintegrated limestone, with 6 to 8 inches of dark-colored fire clay above. The average distance of this clay above the Waynesburg coal is about 52 feet. It probably represents the horizon of the Waynesburg B coal of Pennsylvania. From the clay to the Washington coal is shale, with no distinctive features.
. -Washington coal. The Washington coal is present in the southeast corner of the quadrangle, with a thickness of 1$ to 2 feet of solid coal underlain by 6 feet of very black shale. The northernmost outcrop in the quadrangle is in the hill at the crossroads H miles northeast of Morristown. From this place it is found in the. higher hills to the southeast and along the main dividing ridge as far west as Speidel,
The distance between the Waynesburg and Washington coals was measured in seven different places in the quadrangle, with the results shown in the following 
Feet. 100 92
Pittsburg coalaverage interval.
Feet. 345 334
Rocks between Washington coal and Upper Washington limestone. The rocks lying between the Washington coal and the Upper Washington limestone are present in the Flushing quadrangle only in the high ridges to the south of the Baltimore and Ohio Railroad. .They consist mostly of shale, with one or two limestone beds which could not be identified owing to their poor development and their small area of outcrop.
Upper Washington limestone. The Upper Washington limestone 'occurs in the tops of the high ridge in the southeast corner of the quadrangle. It is a double bed, each section of which is about 1 foot thick. Two measurements of the distance of this bed above the Washington coal were obtained, both of which show the interval to be 160 feet. This makes the Upper Washington limestone 494 feet above the base of the Pittsburg coal. This limestone is the highest reference stratum in the quadrangle.
:
The Conemaugh formation lies below the Pittsburg coal, extending from the base of that bed to the top of the Upper Freeport coal. It contains the Pittsburg, Ames, and Cambridge limestones, all of which are easily identified and can be used as reference strata. Besides these are some local coal and limestone beds, which are available as guides to the geology over small areas. In describing the members of the Conemaugh formation the order of considering the members is reversed, the highest or those nearest the Pittsburg coal being considered first. The distances are computed from the same datum plane (the base of the Pittsburg coal), being, however, down instead of up.
Pittsburg limestone. The Pittsburg limestone ranges from 1 to 4 feet in thickness. Where the greater thickness is present it is divided into two beds. Its position ranges from a few inches to 25 feet below the base of the Pittsburg coal. Normally there is a foot of fire clay under the coal, with the limestone next below: In many places, however, the limestone is next to the coal and the fire clay below the limestone.
Where the interval between the coal and limestone is 20 feet or more, it is occupied by fire clay and shale.
The distance from the base of -the Pittsburg coal to the top of the Pittsburg limestone was measured in 12 different places in the quadrangle, with the results shown in the following Rocks between Pittsburg limestone and Ames limestone. The rocks between the Pittsburg limestone and the Ames limestone consist mostly of sandy shale and sandstone. In the vicinity of Cassville, in the western part of Cadiz Township, Harrison County, is a bed of hard limestone with a rough surface, showing on fracture a conglomerate of small particles of limestone, ranging in color from light, buff through brown to red. This rock carries a small percentage of iron, which gives a red color to the mud formed when the rock is disintegrated. By two measurements in Cadiz Township this rock was found to be 79 and 96 feet below the Pittsburg coal; two in Nottingham Township gave 72 and 74 feet below the coal; and two in the western part "of Flushing Township gave 44 and 58 feet below the coal. The average of all measurements is 70 feet, but the result is not satisfactory, owing to the great variation of the measurements in the different sections.
In Cadiz and Athens townships a coal or black shale 1 foot thick occurs in the interval of 145 feet below the Pittsburg coal. In Moorefield and western Flushing townships this interval is only 115 feet, as determined by the average of five measurements.
In the lower part of the interval between the Pittsburg limestone and the Ames limestone is a massive sandstone from 15 to 30 feet thick. Its base is usually from 10 to 12 feet above the Ames limestone, but in many places the sandstone lies directly above the limestone or has entirely replaced it.
Ames limestone. The Ames limestone is a bed of hard, green limestone from 1 to 3 feet thick. It contains many fossil crinoid stems and brachiopods, these fossils, being most plentiful in the upper portion of the bed. The distance from the base of the Pittsburg coal to the Ames limestone-was measured in 13 different places in Flushing, Moorefield, and Kirkwood townships. Eleven of these measurements show an interval ranging from 161 to 176 feet, with an average of 171 feet. Two other measurements show distances of .1.85 and 147 feet. The average of all measurements is 1.68 feet.
Rocks between Ames limestone and Cambridge limestone.-The rocks between the Ames limestone and the Cambridge limestone are fully exposed only in the northwest corner of the quadrangle. In order to measure the distance between these two beds of limestone, levels were run a mile or so west of the quadrangle, where outcrops of both beds were crossed. The result of these measurements shows a distance of 74 feet between the two limestones, with a coal 18 feet above the. Cambridge. This coal is from a few inches to 2 feet in thickness, and it has been mined in a small way in the northwest quarter of the quadrangle.
Cambridge limestone. The Cambridge is a dark-gray limestone, weathering to a light yellow. It contains many fossil brachiopods and a few crinoid stems. The' distances from the Cambridge coal and the Cambridge limestone to the Pittsburg coal are accepted as 227 and 245 feet, .respectively.
MaJioning sandstone. The top 'of the Mahoning sandstone, a coarse, buff, massive rock, appears in the northwest corner of the quadrangle. It attains a thickness of about 40 feet just west of the quadrangle boundary. Directly under the Mahoning sandstone is the Upper Freeport coal, which is not exposed in this quadrangle, but is worked along Stillwater Valley just beyond the west side.
ROCKS WHOLLY BELOW THE SURFACE.
The subsurface rocks to be considered are those extending down to and including the Berea sandstone. Knowledge of these rocks is obtained only from the logs of wells. Only a few detailed records were obtained from the wells in the Flushing quadrangle, and these few do not agree with each other closely enough to furnish a description of the rocks. The following are some of the best records obtained:
. Log of well '1 (No. 13) 
KESUT7TS OF THE WORK.
OBJECT.
»
The object of the work in the Flushing quadrangle was to produce a map of the Berea oil sand with as great a degree of accuracy as was possible from the geologic conditions, and with sufficient detail to make it of value to the practical oil man in the location and development of oil and gas territory.
In work of this character there are two conditions which govern the accuracy of the final result. These are (1) the degree of parallelism that exists between the outcropping strata and the oil sand, and (2) the regularity of the variation in the distance between these beds.
SUBSURFACE MAPPING. GENERAL STATEMENT.
The mapping of a subsurface stratum consists of three distinct steps: First, it is necessary to find the elevations of the outcrops of different known strata; then, having determined the average distance and the variations in this distance between these strata, by combining these data to prepare a contour map showing the geolbgic structure of some prominent stratum called a key rock.
Second, by means of the measured depth to the oil sand from the mouths of test wells already drilled, to determine by leveling to these wells the distances in different parts of the area between the key rock and the oil sand it is proposed to map.
Third, by means of a mechanical drawing called a convergence sheet to correct for the variations in distances between the key stratum and the oil sand in different parts of the area, and then to project the elevations obtained upon the key horizon, thereby determining the correct elevation of the oil sand.
BASE MAP.
The first requisite in this work is a good topographic base map upon which to indicate the horizontal locations of the outcrops of different strata. The base map of the Flushing quadrangle' is the topographic atlas sheet surveyed in 1903 by the United States Geological Survey. On this map were located in horizontal position the outcrops of the different strata. The elevation of the outcrops at each of these points was obtained by a spirit level which was run from permanent bench marks established by the topographic engineers. For this work the level lines were carried over all roads, up a great many streams, and along a number of ridges. In this way the elevations of the outcrops all over the quadrangle were obtained.
MEASUREMENT OF INTERVALS.
The intervals between the different surface strata were obtained by comparing the elevation of outcrops of different strata where they are near together and where the elevation of the outcrop of one stratum could be compared with the elevation of two outcrops of another stratum on different sides of the first. In this way a great many comparisons were made, and the average distance between the beds in the different townships was obtained. The results of this work have been given under the heading "Geology." In considering these results with a view to determining what degree of accuracy can reasonably be expected in the structure map of the key horizon, it is found that out of 51 measurements of the distance between the Meigs Creek coal and the Pittsburg coal, when averaged by townships, the minimum and maximum in each township are within 10 feet of the average, and that the range is usually nearly 20 feet when a number of measurements are taken. The same condition holds for the distances between the prominent beds above the Meigs Creek coal. The Pittsburg limestone, whose distance below the Pittsburg coal is from a few inches to 29 feet, has the same range of variation as the strata at distances of 200 or 300 feet from the Pittsburg coal. This indicates that there is a local divergence from parallelism between the different .strata of about 20 feet, that the average distance between strata over small areas will give results that are probably correct within 10 feet, and closer accuracy than this is not to be looked for.
The distance of 171 feet between the Pittsburg coal and the Ames limestone in the northwest quarter of the Flushing quadrangle is believed to be very nearly correct. This probably diminishes from the south and east toward the northwest. The measurements of this interval made in the central and western parts of the Cadiz quadrangle ranged from 205 to 230 feet. The determination of the distance from the limestone bed lying between the Pittsburg limestone and the Ames limestone to the Pittsburg coal is poor. All measurements show this' interval to vary abruptly from east to west. The position of the Cambridge limestone and the coal above it with reference to-the Ames limestone was determined at only a few places, but the measurements so obtained are believed to be good. SURFACE STRUCTURE MAP. .As the Pittsburg coal is the most prominent outcropping stratum in the quadrangle, its base is accepted as the key horizon by which the structure of the surface rocks is represented. The elevation of the outcrops of this horizon were determined wherever possible directly with a spirit level. To the determined elevation of every other outcropping horizon was added or subtracted the average distance of that particular horizon below or above the base of the Pittsburg coal in that township. This resulted in establishing the elevation of the Pittsburg coal at nearly 000 locations. The points of equal elevation were connected by lines, thus forming a contour map of the bottom surface of the Pittsburg coal (PI. I). Data for making the surface structural map are plentiful in all parts of the Flushing quadrangle, except in a portion of Moorefield and Freeport townships, Harrison County. In the area to the north and west of the village of Piedmont the Ames limstone seems to be absent. It is probable that the sandstone whose base is normally from 10 to 12 feet above the Ames limestone has descended and cut out the limestone. The absence of this important stratum leaves the limestone between the Pittsburg limestone and the Ames .limestone and a few outcrops of what is believed to be the Cambridge' coal as the only beds from which to determine the structure. The scarcity of information has made it impossible to draw contours with any degree of accuracy in this area.
STRUCTURAL FEATURES.
The structural features represented on PI. I are not pronounced but rather monotonous. The dip of the rocks is to the southeast with but little irregularity. The most prominent feature is thestructural dome at Smyrna. Here the Pittsburg coal if it had not been eroded would lie at an elevation of about 1,300 feet, or 60 feet above the surface. Due east from this dome is a steep dip of about 160 feet. This is the steepest dip found for any considerable distance in the quadrangle. From the Smyrna dome an anticlinal ridge extends to the southeast, falling away at a steep angle into a synclinal trough on the south. A second dome of lesser magnitude exists just north of the town of Fairview.
A structural feature that is important, though not promirient, is the anticlinal ridge which commences in the northwest corner of the quadrangle, swings a little to the south and thence trends northeast, leaving the quadrangle a little east of the center of the northern boundary. The western portion, of this ridge shows a drop of about 60 feet to the northeast into a basin on the north edge of the quadrangle. The geologic evidence regarding the depth of this basin is not of the best, as nothing but outcrops of what is believed to be the Cambridge coal were found within the area. This coal is known to dip as represented by the contours. This dip, however, may not coincide with the dip of the adjacent rocks. The northern dip from the anticlinal ridge farther to the east is more positively established by elevations on the Ames limestone and the Pittsburg coal, some of which are north af the quadrangle. The dip is slight, however, being in all not over 20 feet. In Athens Township, Harrison County, a secondary fold exists to the south of the main anticlinal ridge. The northward dip from this fold is very slight, being in places less than one contour interval.
The remaining noticeable feature of the quadrangle is a slight dome 2 miles northeast of Flushing, whose northwesterly dip is over 20 feet. The existence of this feature is established by elevation on both the Meigs Creek and the Uniontown coal.
CONVERGENCE SHEET.
With the surface structure defined by the elevations of the Pittsburg coal as shown on PI. I, the next step was to determine the amount to be subtracted from each elevation to make it equivalent to an elevation on tiptop of the Berea sand. This information was gained from wells already drilled within the area. The quadrangle was carefully searched for any existing wells or previously drilled dry holes and it is believed that all the test wells drilled prior to the date of the survey are represented on the map of the Berea sand. The elevation of the mouth of each well was obtained by spirit level. With this information the position of the key horizon with reference to the mouth of the well is obtained from PI. I, and by a slight calculation the distance from the key horizon to the oil sand is obtained from the record of the well. The records of 28 wells on or adjacent to the quadrangle were obtained. From these records was built up the convergence sheet, which is constructed by connecting the positions of the different test wells by straight lines and then dividing these lines so that each subdivision represents the horizontal distance in which the vertical interval between the Pittsburg coal and the Berea sand decreases or increases 10 feet. The distance from the base of the Pittsburg coal to the top of the Berea sand was found to range from 1,464 feet to 1,613 feet, the lesser interval being along the north edge and the greater near the southwest corner of the quadrangle The interval does not increase regularly, however, but ranges from 1,464 to about 1,540 feet in the north third of the quadrangle, decreases to a little over 1,500 feet in the central part, and then increases at a uniform rate to the maximum distance at the south edge. A large area in the center of the quadrangle is devoid of any drilled well from which arecord could be obtained. The assumption of an even increase or decrease over distances as great as those between some of-the wells from which the convergence sheet of the Flushing quadrangle is made up is undesirable, but could not be avoided.
MAP OF THE BEREA OIL SAND.
With the previously described work performed, the construction of the map of the oil sand is very simple. The convergence sheet shows the amount to be subtracted from each elevation of the key horizon. This amount in the Flushing quadrangle was in all cases greater than the elevation' of the key horizon, showing the oil sand to be everywhere below-sea level. To avoid the use of the minus sign in numbering the contours of the oil sand, 2,000 feet were added to each elevation of the key horizon. This is equivalent to assuming a datum plane 2,000 feet below sea level for the map of the oil sand. After subtracting the amount shown in the convergence sheet from each elevation of the key horizon, the points of equal elevation were connected by lines. The result is a contour map of the Berea oil sand as shown in PI. II, on which the upper surface of the limestone cap of the Berea sandstone is represented by contours printed in red. The elevations of these contours are shown by numbers figured from a datum plane . 2,000 feet below sea level. All wells known to have been drilled prior to the date of survey are also shown in red with accepted symbols for dry holes, gas wells, and oil wells. Wells known to have been drilled only to some of the upper sands are marked with a cross to the left of the well symbol.
FACTORS GOVERNING. THE ACCUMULATION OF OIL AND GAS.
Previous work of this kind has demonstrated that there are three primary factors which govern the accumulation^ of oil in the rocks. These are (1) the condition of the rocks as to porosity, (2) the area of complete saturation by water of the oil-bearing stratum, and (3) the geologic structure of the rocks.
POROSITY.
The condition of many of the sands changes within short distances from loose and porous sands to closely cemented hard rocks entirely impervious to oil and water in large quantities. Some sandstone beds are of the same texture over large areas, both as to the size of the solid particles forming them and as to the matrix which combines the separate grains. In others, although the size of the separate grains remains relatively the same, the cementing material changes from place to place «and in tnis way the relative porosity of the rock is changed. Some sandstone beds contain lenses of conglomerate in which the separate particles are of considerable size, loosely held together, thus forming a condition of great porosity. A knowledge of the general characteristics of a particular sandstone bed is gained only by test wells. In the Appalachian oil field the peculiarities of the principal oil-bearing sands are pretty well known.
SATURATION.
The condition of saturation with water is not the same in different sands. Experience has shown that the older or lower beds in the Appalachian field contain a smaller area of completely saturated rock than the upper or younger sands. The lowest sands seem to be almost entirely dry, only the very lowest points in the center of a structural basin showing any considerable quantity of salt water. Above these lower rocks each succeeding stratum of sandstone has a larger area in which it is saturated with water. In regions where the sand rock is not entirely saturated there may be separate areas of saturated rock in each structural basin, the upper limits of which are at the same elevation in any one basin but at different elevations in different structural basins.
STRUCTURE.
The effect of geologic structure on the accumulation of oil depends on the condition of saturation of the oil-bearing stratum.
If small quantities of oil and gas are in. a dry, porous rock at different points the oil will move down as long as the slope is sufficient to overcome, friction and capillary attraction. The gas will diffuse with the air or water vapor contained in the pores of the rock.
Oil and gas in a porous rock that is completely saturated with water will first be forced up to the top of the porous stratum by the difference in the specific gravity of the oil and the water. The oil and gas will accumulate in the upper part of the rock if the porous stratum is level, but if it dips sufficiently to overcome friction the particles of oil and gas will gradually be forced up the slope, the gas with its much lower specific gravity occupying the higher places.
In places where the porous rocks are only in part completely saturated a combination of these two actions will take* place. The oil above the line of complete saturation will run down to-that line and the oil below, will be forced up to the top of the completely saturated portion.
The sand spoken of as porous may-not be so at all points. If in some areas it is impervious, those areas will tend to limit the movement of the oil and gas through the rock. Although a short distance away the-same stratum may be porous, it must from an oil standpoint be considered a separate and distinct porous body, unless the area of impervious roc'ks is so situated that the oil can readily move laterally around it.
PLACES OF ACCUMULATION.
. In dry, porous rocks the principal points of accumulation of oil are at the bottom or near the bottom of the synclines, at the lowest points of the porous medium, or at any points where the slope of the rock is not sufficient to overcome capillary attraction and friction, such as structural terraces or benches. In porous rocks that are completely saturated the accumulation of both oil and gas will be in the anticlines or along level portions of the structure. In completely saturated rocks of small area the accumulation should occur at the highest point of the porous medium, and where stops or dams of impervious rocks exist in a generally porous stratum the .accumulation should occur below such impervious stop, which is really the top limit of the porous rock. In porous rocks that are only partly filled with water the oil accumulates at the top limit of the saturated area. This point may be anywhere with reference to the anticlines and synclines.
The condition most generally found is that the rocks are saturated only in a portion of their volume, in which case accumulations of oil may occur anywhere with reference to the geologic structure, though they are more likely to be on terraces or levels, as these points are favorable to accumulation in both dry and saturated rocks.
Under all conditions the most probable location for the accumulation of gas is in an anticline, though small folds along the side of a syncline'may capture and hold a supply of gas, or the rocks may be so close-grained that gas can not travel to the anticline, but must remain in greatest volume close to the oil accumulation.
CONDITIONS IN THE FLUSHING QUADRANGLE. SATURATION OF BEREA SAND.
In the Flushing quadrangle the Berea sand lies in the same structural basin as in the southeastern half of the Cadiz quadrangle. In that portion of the Cadiz quadrangle it was found to be completely saturated to an elevation of about 270 to 280 feet below sea level. This is equivalent to an elevation of 1,720 to 1,730 feet, as the contours on the Flushing quadrangle are numbered." This is higher than any portion of the sand in the Flushing quadrangle, except a very small area on top of the Smyrna anticline. The conditions, therefore, to be considered in this, area are those of complete saturation.» Under these conditions the oil should accumulate just'below the gas on the crest of the anticlinal ridges and upon terraces at the top of steep breaks.
EXISTING OIL POOLS.
Only three oil pools have been discovered in the Flushing quadrangle. The Uniontown pool, in Wheeling Township, on the east edge of the quadrangle, extends eastward into the St. Clairsville quadrangle for a short distance. This pool is located on a large structural flat or terrace, only a small portion of which is covered by it. The pool appears to be well defined within the quadrangle by dry holes.
To the southeast the structure shows a descent of about 40 feet. This is not favorable for the accumulation of oil unless a steep slope of some magnitude exists in the St. Clairsville quadrangle.
In the southwestern portion of the quadrangle is-the north end of the Barnesville pool. This accumulation is on a slope as shown by the .contours. From the separate well records, however, a very narrow terrace can be recognized. The direction of the pool is along the strike of the rocks for 1 to 2 miles to the south and then to the west, the elevations of the sand differing by only a few feet in all wells where oil was found.
The third pool in the quadrangle is at Oakgrove. This is the only accumulation so far discovered in the quadrangle that could, have been foretold by a knowledge of the structure prior to the drilling of the wells. The location of the pool is upon a flat near the top of the Smyrna anticline. All wells so far developed are small, and a number of dry holes are close to the producing wells. The wells are not in the best theoretical location for large production. The eastern side of the anticline along the Guernsey-Belmont county line in sees. 32 and 33 appears to be the most favorable territory from a structural standpoint. From this point to the east is a strong dip of 160 feet. Near the top of this slope is the theoretical location for oil accumulation. The flat on the structural nose in the southern part of sec. 31, Flushing Township, Belmont County, looks favorable and is certainly worthy of a test well.
TERRITORY FAVORABLE FOR NEW DEVELOPMENT.
North of the village of Fairview, in the northern part of sec. 2, Oxford Township, Guernsey County, is a structural dome in which there is probably' an accumulation of both oil and gas.
North of Morristown is a very low dome, including all of sec. 21, Union Township, Belmont County. The position of this dome is established by elevations on a number of the upper coal beds. It is probable that this feature extends down to the Berea sand. If the map is a true representation of the oil sand, this dome is a favorable point for both oil and gas. On its western side a number of wells have been drilled which produced gas from the upper sands. Wells Nos. 81 and 98 were drilled to the Berea sand and reported dry. They should not; however, condemn the entire area.
In the northern part of sec. 10 and southern part of sec. 11, Athens Township, Harrison County, is represented an anticlinal dome whose northern dip is 20 feet or more. This feature is established by levels on the Meigs Creek coal. The conditions as represented should be favorable for both oil and gas.
Along the north edge of the quadrangle, in sees. 1, 3, and 8 of Nottingham Township, Harrison County, is an anticline, and to the south of this ridge near Cassville is a second anticlinal fold. These features, are not prominent, but they are important owing to the slight .northward dip of the formation. This northward dip is well established by levels on the Pittsburg and Meigs Creek coals. The main or northern anticline is a direct extension from the Moholland oil pool, which lies 1 mile to the northeast in the Scio quadrangle. This pool was discovered and partly developed during the summer of 1906. The crest of the anticline through the sections mentioned is favorable territory. The secondary anticline to the south is detrimental to the chances of oil on the main ridge,, as its own dome may have trapped the oil.
WELLS IN THE FLUSHING QUADRANGLE.
The following table sets forth such information as was procured about the wells drilled in the Flushing quadrangle. It states in concise form the owner of the land on which the wells were drilled; the number of them; the person by whom they were drilled; the elevations of their mouths above sea level; the distance from their mouths to the top of the Berea sand, and their total depths. The reference numbers of the wells correspond to those given on the map (PI. II).
List ofwglls in the Flushing quadrangle:
No. on PI. II. 
